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ED STATES OF AMERICA 
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Driver Tension Responses 
enerated on Urban Streets 


BY THE DIVISION OF TRAFFIC OPERATIONS 


BLREAU OF PUBLIC ROADS 


The purpose of this study was to relate 
driver tension responses to events in traffic 
which caused the driver to make an overt 
change in speed or lateral location of the 
vehicle being driven. In order to measure 


the tension responses the galvanic skin 


reflex (GSR) was employed. Ten driver- 
subjects were used on two urban test routes, 
and, over a 2-week period, each subject 


The 


were driven during five traffic time periods, 


drove each route 25 times. routes 
including peak, offpeak, and night. 
The galvanic skin responses were meas- 


The 


traffic events causing the responses were 


ured continuously during each trip. 


also determined independently by an 
the GSR record. 


The results of the tests indicated that 


observer and registered on 


traffic events occurred at a rate of I every 
21 to 35 seconds. Of these events, 85 per- 
cent generated a measurable galvanic skin 
response. It was also determined that of 
the measurable responses, 95 percent were 
caused by 8 types of traffic interferences: 
the most prevalent of which involved other 
This 


type of traffic interference accounted for 


vehicles in the traffic stream. one 


over 60 percent of all responses. 


i most analyses of the operational char- 
acteristies of traffe on an urban street, the 
individual motor vehicle is usually undiffer- 
Instead, 


ectors determining the operations of the 


entiated from the whole of traffe. 
the 


street are inferred from eertain physieal meas- 
urements of the mass of traffie itself. There 
have been relatively few attempts to utilize 


driver behavior itself as a measure of traffic 


characteristies, or as a means for diseriminat- 
Ing among different streets (7,2).2 In this 
study an attempt has been made to explore 
the possibility of using driver behavior as an 
instriiment for the analysis of highway and 


traffic charaeteristies. 


I developing a measure of driver behavior 
fron hich it would be possible to draw infer- 
ene ibout the highways under study, two 
Clas of questions were of particular interest: 

’ there stable characteristies of different 
str that ean be diseriminated by some 
Ine e of driver behavior? 

le was presented at the 30th Annual Meeting of 
“4 y Research Board, Washington, D.C., January 
umbers in parentheses refer to a list of references 
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@ Are there stable characteristiecs within a 


street and of the traffic on it which ean be 
discriminated, using some measure of driver 
behavior? 

The hypothesis which indicated the choice 


of behavioral measure was that the frequeney 
and complexity of decisions required in driving 
on urban streets is so great that the driver is 
high level of 


pothesis implies that the frequeney and magni- 


under a tension This hv- 


tude of tension responses aroused in driving 


will vary in some relation to the nature of the 
street and of the traffic. 
Galvanic Skin Reflex 
There are a variety of behavioral measures 
which may be employed to measure tension 


responses. However, for the purposes of this 
study it was desirable to have a measure that 
traffic o7 


was directly relatable to events in 


the street on the one hand and also one that 


was a reliable indicator of driver tension 
response. A physiological measure that most 
nearly fulfilled these requirements is the 


galvanic skin reflex (GSR This is a response 


occurring in the skin, manifesting itself as a 


change in the electrical resistance of the skin 


The reflex is induced by activity of the 


nuTO- 


nomic nervous system and is initiated by 


unexpected stimuli that may be startling or 


tension inducing The response appears as a 


decrease in skin resistance, and the magnitude 
of the reduction is correlated with the intensity 
of the inducing stimuli (2 Thus, the Gst 
represents One way to quantify the effects of 
an emotion-inducing stimulation 

\n important characteristic of the GsrR is 
its relation to the conscious experiences of the 


subject. It has been proved that there is a 


very high correlation between the GsR_re- 
sponses and the subject’s awareness of the 
inducing stimuli a direct Corres po dene 
between the Gsr itself and the event which 
caused its arousal. In general, the Gsr_ is 
a means for quantifving those conscious 
experiences which arouse tension and, for the 
purposes of the study, this was ideal as it 


allowed a reliable relation of the emotional 
response to the traffic event which generated 
it 
Study Procedure 
Two Washington, D.C arterial treets 
served as test routes for this study nie 





Reported ' by RICHARD M. MICHAELS, 
Research Psychologist 


route Was a major arterial to and from the 
\W ashington The 
route paralleled and functioned as an alternate 
to the first Both 
The characteristics of 


quite dissimilar. 


downtown area. second 


route were 4's miles in 


length. each were 
Route No. 1 served a con- 
traffic and 
land-use functions that were not found on the 


The 


through a 


siderable number of commercial 
alternate 
residential 
traffic, 
facilities were located on only a small portion 
In addition, the street width 


alternate route. route ran 


primarily area, had 


almost no commercial and transit 
of its length. 


varied from two to four lanes over the 415 


miles. There was also considerable variation 
in both grade and curvature over this distance. 

In order to relate galvanic skin responses to 
driving on the test routes, it was necessary to 
develop a list of types of traffic interferences 
since, in addition to the physiological measure 
of tension, it was necessary to specify the 
This 


establishing some criterion of what constituted 


causes of these responses. required 


an interference in driving. 


Sinee the coneern of the research was to 


relate street and = traffie characteristics to 
driving behavior, it was decided that only 
those events which induced the driver to 


change either the speed or lateral location of 
This 


criterion implied that any change foreed upon 


the motor vehicle would be considered. 


the driver was potentially tension inducing 
An additional 


only the most 


restriction imposed was that 
cause of these changes 
inducing traffie 
for example, the driver might 


direct 
would be elassified as the 

Thus, 
a stream of traffie which was foreed to 
If the test 
were not the first to approach the signal, then 


event 
be in 
stop for a traffie signal. vehicle 
the event which caused his change in speed 
vehicle in front 
Although 
such a distinction was arbitrary, it served two 
First, it refleeted the test 
driver directly responded to, even though he 


was considered to be the 


of him rather than the traffie signal. 


purposes. what 


might have been aware of other events that 


were actually involved; and second, such a 
distinetion greatly increased the reliability of 
observation. 

This 


situation, for there was no question that the 


rationale oversimplifies the driving 
driver was aware of events considerably far- 
In addition, 

ability lo 


ther ahead than a ear length. 


this system was limited in its 


specify multiple and fast-changing situations. 
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However, it 


was felt that reliability of ob- 
servation was far more important than de- 
tailed traffic 


From these considerations, a list of observed 


specification of interferences. 
traffie events was developed. 
the 
interferences were: 


By code num- 


ber, observed tension inducing traffie 


Vehicles in the 
process of parking or already double parked. 

2. Marginal pedestrians. 
the 


street. 


1. Parking maneuvers. 


Pedestrians at or 


near curb beginning to move into the 


3. Instream vehicles. Vehicles in the traffie 


stream in front of or adjacent to the test 
vehicle. 

4. Transit loading platforms (route No. 1). 
Loading platforms located in the street. 


Opposing vehicles (route No. 2).— Vehicles ap- 
proaching the test vehicle from the opposite 
direction. 
Pedestrians — al- 
ready in the street either direetly in or 
proaching the path of the test vehicle. 

6. Diverging vehicles. 


5. Instream — pedestrians. 


ap- 


Vehicles attempting 
to leave or disassociate from the traffie stream. 
Vehicles 


stream of 


7. Merging .and crossing vehicles. 
other the travel 
attempting to join or cross the traffie stream. 
Traffie 
nals which direetly induced 


than those in 


8. Traflic signals. sig- 


the 


controls or 
a change in 
speed of the test vehicle. 

The eight broad categories were determined 
in part by the nature of the street. 
route No. 1, 


obvious 


Thus, on 
streetcar loading platforms were 
interferences and were specifically 
On route No. 2, however, this was 


In addi- 


tion to being based on the actual nature of the 


included. 

replaced by a medial friction event. 
study routes, these events were also predicated 
upon certain friction concepts of traffic flow. 
As hay be seen, the list is a compromise be- 
tween 


the general case of four frictions and 


the more specific individual confliets that 
occur in traffic. 
For the conduct of the experiment, a 


passenger car with automatic transmission 


was used. Study teams consisted of a driver 
an observer, and a recording instrument opera- 
tor. The observer served as the team leader 
It was the duty of the 
observer to specify when a traffie event oecur- 
red the 
These were reported to the 
who the 
He in turn coded the 
information on the Gsr recorder, and was the 


during the experiment. 


and which event caused change in 
vehicle operation 
instrument operator Was seated in 


rear seat of the vehicle. 


only member of the team to have knowledge 
of the driver's responses. 
the 


wherevet 


instructed to travel 
the traffie 


With these instruetions, 


The drivers were 


route by floating with 


possible the general 
pattern of driving was quite consistent among 
the test drivers Although some differences in 


driving patterns and = driving habits 


the 
minor and ordinarily very subtle 


were 


noted, differences were generally quite 


At the outset of the test run, electrodes were 
placed on the first and third fingers of the left 
hand of the test driver 


Although a Variety 
of electrode placements were tried, it was 
found that placement on these two fingers 


gave the most sensitive response, were mechan- 
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ically the simplest to place, and allowed the 
driver to operate the vehicle normally. After 
placement of the electrodes, a normal resting 
level (that is, a basal level) for skin resistance 
The recording machine con- 
feedback circuit 
drift in the basal level. 


was determined. 
tained a for balancing out 
Thus, only deviations 
from an arbitrary zero level were measured. 
The sensitivity level for each driver was 
adjusted empirically at the beginning of the 
test run. Usually a startle stimulus was em- 


ployed and the sensitivity raised until the full 


scale of deflection was obtained. For all 
drivers the required sensitivity range was 
quite narrow. Determining the sensitivity 


range did not, of course, eliminate individual 
differences among the drivers, but it did reduce 
the variability for an individual driver from 
run to run. 


Two phases of study 


The study was conducted in two phases 
First, each of the five test drivers drove both 
routes in one continuous cycle, and the differ- 
ences between the two routes were compared 
For these runs four complete cycles were ob- 
for driver the offpeak 
traffic hours. 


tained each during 


In the second phase, each route was studied 


individually during five workday _ traffic 
periods. The runs were made during the 
morning peak hour traffic, morning offpeak 
traffic, afternoon offpeak traffic, afternoon 


peak hour traffic, and nighttime traffie. Hach 
of the five drivers drove a complete evele of 
each route three times during the peak hours 
the offpeak The 


was to have each driver observed an 


and twice during hours. 
design 
equal number of times by the two different 
observers. 

In either phase of the study, at the begin- 
ning of the run, the time was noted and the 
drivers floated 


of the route to the other. 


with the traffic from one end 
The observer re- 
ported to the instrument operator any changes 
meeting the criteria of traffie interference and 
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of the route there was a 10-minute rest during 
which time the basal level of skin resist: ne¢ 
was again determined. Usually there was 
slight increase of level from the beginnin~ to 
end of the route, especially on the first sup 
After the rest period, the driver proceede to 
complete the full evele. 


Data recorded 


Observers were instructed to report events 
to the instrument operator as quickly as 
sible in order to minimize errors in locating 
the record. <A 
sample record of the galvanic skin responses 


occurrences in time on GSR 


figure 1, shows that a notation was generally 
placed simultaneously with or slightly preced- 
ing the response. Whenever an observation 
preceded a response by more than 5 seconds 
the two were considered unrelated. 
that 
1 second was considered unrelated 
Both 


predicated upon the assumption that the lag 


Similarly 


an observation followed a response by 


more than 


to the response. these criteria were 


in the GSR response was longer than for the 


verbal response. In practice, uncertainty of 


association of observation and response oc- 


curred in no more than 5 percent of — the 
occurrences. 

As may be seen from figure 1, some responses 
were not associated with traffie events, such 
as the small peak prior to the first event (event 
No. 7 


The Gsr Is sensitive to a variety of events, in- 


, and were not included in the analysis 


ternal as well as external, so that unidentifiabk 


responses were fairly common. Also, a GsR 
did not occur every time there was a traffi 
event, as exemplified in the case of the last 
event (event No. 3 Nevertheless, thes 
were included in the data analysis. It was 


found that approximately 
traffic 


15 percent of the 


events observed aroused no res potist 


on the part of the driver 
Magnitude of GSR 


The meaning of the magnitude of the 


Pal- 
vanic skin response needs some explanation. 


The recorder actually measures the Gs In 
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Figure 1.—A sample record of the galvanic skin responses. 
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This unit is em- 
pl yved because the magnitude of change in 


units of log conductance. 


skin resistance is more nearly linearly related 
to the magnitude of the inducing stimulus 
when resistance is measured in log conductance 
vertical divisions 
on the recorder chart represented equal incre- 


Thus, the successive 
ments of GsR. However, the absolute values 
of these divisions were not known, for these 
depended upon the setting of the sensitivity 
scale. With the method of calibration used, 
the values for each seale division were essen- 
tially relative to the base level. They are, as 
a consequence, unitless, and may be termed 


“reaction units.” 


Table 1.—Comparison of tension responses 
recorded in the continuous test run over 
both routes, made during offpeak traffic 
periods 








Route Route 
No. 1 No. 2 
Potal events 445 
Events per minuie 2. 42 
Average GSR magnituck 2. 28 
Nlagnitude response per 
minute D. oe 3. Si 











Test Results 


The data were tabulated for each driver for 
each run and were broken 
the observed traffic events and the 
magnitude of 


and each route, 
down by 
with each 
In addition, the travel time for each 
trip was recorded. 


response associated 
event. 
It was possible from these 
data to determine the average magnitude of 
response for each event, and with the time 
measures to determine both the rate at which 
events occurred and the magnitude of  re- 
sponses that occurred in time. 

Analyzing the data recorded during the con- 
tinuous test run over both routes, study phase 


No: 4; 


ence of events and the average magnitude of 


table 1 contains the frequeney of oeccur- 


response for each event. In this tabulation 
The 


number of events in 


the data for all drivers were combined. 
difference in the total 
part reflects the difference in travel time for 
the two routes. In order to better equate the 
routes, a rate figure was computed and is 
vn in the table as the events per minute. 
Here it 
tween the two routes are 
Ne ertheless, 


may be seen that the difference be- 
reduced somewhat. 
there were still 42 percent more 
responses per unit time on route No. 1 than on 
the alternate route. On route No. 1 there was 


a trifie event once every 24.7 seconds while 


on ite No. 2 there was an event every 34.9 
seconds. Since 85 percent of the events 
aroused the Gsr, there was, consequently, a 
tension inducing event every 29.2 seconds on 
ro No. 1 and 41.4 seeonds on the alternate. 
It juite evident from these data, then, that 
dr son the alternate route faced consider- 
al ewer interferences with driving than on 
tl ijor arterial route 

se results refleet only the frequeney of 
0 rence of events and do not directly relate 
ti ® magnitude of the galvanic skin re- 
S} es. The average magnitude of response 
‘ Was inadequate since it did not reflect 
t] 


lifferences in travel time for the two 


PUBLIC ROADS e Vol. 31, No. 3 


Table 2.—Summary of analysis of variance of the magnitude of GSR per minute 
for the test routes 














Sources of variance Sum of Degrees of Mean Variance 
squares freedom square S? ratio F 

Route 19. 57 l 19. 57 111.51 

Drivers 302. 05 3 100. 68 5Y, 22 

Routes and drivers 22. 89 3 7.63 24.48 

Residual variance 16. 95 Ww 1.70 

Total variance 361. 46 17 

Significant at the .01 level Significant at tl 05 level 


routes. One simple measure is the total mag- 
nitude of that 


This measure cumulates all the 


response occurs per unit of 
driving time. 
galvanie skin responses independently — of 
events and equates the routes on the basis of 
time. This ratio is, therefore, a statistic re- 
flecting the behavioral response of the driver 
per unit time and under the assumptions of 
this study was considered as a measure of in- 
duced tension. From table 1 it may be seen 
that route No. 1 was 45 percent more tension 
inducing than the alternate route 

In order to test for differences among drivers 
as well as to determine whether there was a 
statistically significant difference between the 
two routes, the statistical technique of analy- 
sis of variance was used. A summary of the 
analysis is shown in table 2 Statistically, 
both the routes and the drivers differed signifi- 
the 0.01 level. It 


sonable to conclude, therefore. that the 


cantly at would seem rea- 
alter- 
nate route induced significantly less tension in 
drivers than did the major arterial route. In 
addition, the combining of the data of the 
different drivers appears to be unwarranted 
This is especially relevant to the GsrR data 
shown in table 1 where average magnitude of 
the GsR appeared the same for the two routes 
Actually, the average magnitude showed con- 
siderable variation among the drivers, and the 
differences in average Magnit ude of each driver 
varied 


Thus, the ay 


between the routes ovel i 


nearly two-to-one. 


are quite misleading and, consequently, the 
combined Gsr data must be interpreted with 


enution. 
Route No. 1 


In addition to the study of the continuous 
runs made over the two routes, each route was 
studied independently. On the major arterial 
route, tabulating the occurrence of the traffie 
events, there was a total of 7,800 traffic events 
observed 2-week Data 


classified by the eight tvpes of traffie event are 


during the period. 


presented in table 3. The most frequently 


occurring event was friction with instream 


moving vehicles. The remainder individually 
form small proportions of the total. In the 
last column of the table, the relative rank of 
each tvpe of traffie event is shown for the 
average magnitude of GSR which it generated. 

To test the reliability of the average 
rank test 
data for each driver inde- 


magnitude of response, a was 
applied using the 
words, the 
traffic event, for each 
tested. The 
shown in table 4 was found to be statistically 
reliable at better than the 0.01 level. 


Data 


pendently. In other response 


generated by each 


driver, was ranked and order 


traffic 
periods were also analyzed by direction. It 


collected during the different 


was found that there was considerable varia- 
tion among the runs made during peak hours 


and offpeak hours. Table 4 shows the average 


Table 3.—Frequency of occurrence and average magnitude of responses evoked by traffie 
events on route No. | 





\ , 
Yo 
1 Parking maneuver 
2 Marginal pedestrians 
3 Instream vehicles 
1 Loading platforms 

Instream pedestrian 
6 Diverging vehicles 
7 Merging and crossing vehick 
S Traflie signals 

All events 





Number Percent Average Rank by 
of events of total magnitude average 
magnitude 
724 9.2 2. 47 6 
330 1.2 1.51 s 
1, OS2 59. 7 2.49 A 
633 s.0 2. 20 7 
372 1.7 2. 76 } 
100 51 3. 34 l 
285 3.6 3.15 2 
416 5.3 2. 94 3 
7,842 YS 2. 53 








Table 4.—Effects of traffic period and direction on the average magnitude of response for 


route No. | 








No lic 
Ott 
i Parking maneuver 9 
2 Marginal pedestrian 1. If 
3 Instream vehicles 2. 51 
4 Loading platform 2. OF 
5 Instream pedestrian 2.63 
6 Diverging vehicl 3 64 
7 Merging and crossing vehicle 2 Q7 
s Traflie signals 3.11 
All events 2.50 


Northbound Southbound 
Peak Difference  Offpeak Peak Ditference 
2.37 0). 22 » 25 2.87 -(), 62 
1.57 +. 47 1.88 1. 98 10 
2. 44 04 2. 36 2. 64 3s 
1.4 64 2. 24 3. 15 + SS 
3. 32 69 2.29 2. 80 +. 51 
2 A 7s 3. 37 3.49 +-.12 
3.13 +. 16 2. 3. 96 +1. 46 
3. 67 + 56 2. 95 2.65 + 40 
2. 52 2 2. 36 2.77 41 
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magnitude of response and the changes from 
offpeak to peak period that occurred in each 
direction, The plus sign indicates that the 
increased peak 
whereas the minus sign shows that it decreased. 

For the 


almost 


response during the hours, 


northbound direction there was 
no difference in average magnitude of 
response between offpeak and peak runs. In 


general, the data obtained in the northbound 


direction were more stable than the data 
obtained from the southbound runs. Conse- 
quently, the differences between peak and 


offpeak periods are most clearly seen for the 
The 
during the peak hours appeared to be in the 


former. greatest increase in response 
average tension induced by 
No. 5). This 


with the increase in mass transit 


instream pedes- 


trians (event Was Consistent 
use during 
the peak hours and, consequently, the high 
density of pedestrians at 


loading platforms 


during those hours. Major decreases occurred 
in the turning movements out of the traffie 
No. 6). This, in part, reflects 
a reduction in the allowable 


stream (event 
turning move- 
ments during peak hours 

The average tension response for all events 
recorded in the 
appreciably 


southbound runs increased 


from the offpeak to the peak 


period. The greatest) increase occurred in 
connection with merging and crossing vehicles 
(event No. 7). Beeause of the wide vari- 


ability in the data, only qualitative interpreta- 
tions are possible. 

The analysis of test runs made during night 
traffic 
follow the pattern derived from the analysis 
made during the day peak hours 


(data not shown here appeared to 


The most 


obvious differences were in the northbound 


direction. The only major change at night 
appeared to be the large inerease in response 
to marginal pedestrians (event No. 2). This 


Wiis due to the 


during 


perhaps large increase in 


pedestrians evening shopping hours 
and also the restriction in marginal visibility 


over much of the street 


Analyzed by control sections 


Route No. 1 
purposes into nine control sections of approxi- 
The 


were marked on the 


was divided for analytical 


mately equal length. 10 control points 
(for these nine seetions 
recorder tape so that it was possible to relate 
the events to their loeation on the route 
Table 5 shows the average magnitude of GSR 
tension response for each section 
traffic period. In 


4% show the 


both by 


direction sand addition, 


figures 2 and 


mean magnitude of 
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Figure 2.—Average magnitude of tension responses for each control section while traveling 


in the northbound direction. 


tension response by control sections.  Gener- 
ally, there was considerable variability in the 
data within a section, while the differences 
between sections were, on the average, not too 
There 


responses 


great. Was no. significant order” of 


tension found among the sections 
for the five test drivers. Thus, there was no 
that 


any of the seetions which consistently 


indication there were fixed features in 
influ- 
enced driving behavior. 

As may be seen from figure 2, the differences 
between peak and offpeak were quite small for 
Dur- 


ing the offpeak hours this section gave the 


all control sections except in section 3. 


maximum average tension response, whereas 
lowest 
test 


for the significance of this difference, a ¢ test 


during the peak hours it vielded the 


average tension response In order to 


was made of each driver’s tension responses 
in peak and offpeak traffie (a ¢ test of matched 
pairs). Since it was found that the decrease 
from offpeak to peak was significant at better 
than the 0.05 level, a traffic 
characteristics apparently oecurred in control 


real change in 


section 3. This was an area of intense com- 
mercial development and also an area where 
the street was relatively narrow. During the 
high degree of 


related to the 


offpeak hours there was a 


marginal activity commercial 
development. Also, reduced maneuverability 
due to the narrowness of the street posed a 
severe restriction on the driver's freedom to 


make lateral avoidanee movements During 


Table 5.—Average magnitude of responses in the control sections of route No. 1, by direction 
and traffic period 














Differs ( between 
Northbound Southbound northbound and 
Cont tion southbound 

Otpeak Peak Difference Ott peak Peak Difference Otfpeak Peak 
l $04 3.18 o.14 2.34 2. 34 0.00 +0. 70 +O. S84 
” 2 AO 2 AS OS 2 36 2 49 63 +. 14 4] 
$ $. 5S LY 1.63 17 2.86 3u +1. 11 1.91 
4 » 0 3. 1S Hs > 18 2 78 a0 +. 32 +. 40 
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2.78 2. WO 12 82 $07 25 (4 17 
s 2 oN > 25 ( ) tt 2.76 10 s l 
Y 2.23 2. a OS ts 3.06 as » wt 


peak hours, however, the extensive marginal 
friction was eliminated. 
high traffie 
helped to minimize turbulence in the traffic 


Parking regulations, 


volume, and. signal progression 
flow 

In the southbound direction there were no 
traffic 


period or control section, as may be seen from 


clear-cut differences between either 


figure 3. In control section 7 there did appear 


to be a maximum average tension response 


during the offpeak hours. This section was 
located in st highly developed commercial area 
and there was considerable marginal activity, 
complicated by turning movements into and 
traffic circle. The peak 


from radials at a 


hours, aside from showing a general rise in 
tension responses, did not indicate any major 


differences among the control sections. 
Frequency of tension responses 

The final analvsis of the route No. 1 data 
involved the determination of a relative fre- 
quency of traffic events and the total Gsr pet 


minute. The pertinent data are shown in 
tuble 6. These data, whieh included all th 
runs for each of the drivers, indicated that 


there were fewer events per minute in north- 
bound traffic than in southbound traffic. In 
northbound traffic, the driver encountered al 


event every 25.0 seconds, while traveling 1 


the southbound direetion the driver en- 


countered a traffie event every 21.3 seconds 
encouill red 


and 25.2 


Tension inducing events were 


every 29.4 seconds northbound 


seconds southbound. In terms of the me ire 


of induced tension, the magnitude of Gsr per 


unit time, the differences between the two 
directions were on the whole quite small and 
there appeared little evidence to indicate =Ig 
nificant differences in the two directions Phe 
drivers also reported that they fou no 
differences between directions 
Route No. 2 
In the study of the alternate route itt 
No. 2), a different group of driver-sul) cets 
were emploved, as well as one new observer 


This route had great 


Variation in grade and 
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Figure 3.—Average magnitude of tension responses for each control section while traveling 


in the southbound direction. 


width over the 4!s-mile length. Unlike route 
No. 1, there were no streetears but bus service 
Was in operation in sections of the route. Also 
in direct contrast to route No. 1, there were no 
commercial areas. The route was almost 
wholly through a residential area, 


for the 


consisting 
most part of single-unit dwellings. 
Again in contrast to route No. 1, where com- 
mercial vehicles made upia considerable por- 
tion of the traffic, almost all the motor vehicles 
traveling route No. 2 were passenger Cars. 
The study method followed for route No. 2 
Was the same as that used on route No. 1. 
One change was made in the list of traffie 
events—the elimination of transit loading 
platforms and the insertion of opposing ve- 
hicles (event No. 4 This event was added 
because the route was two or three lanes over 
much of its length. Consequently, there were 
traffic 
with the test 


Meany possibilities for the opposing 
stream to come into conflict 
vehicle, 


The number of traffic events and the fre- 


quency of occurrence is given in table 7. 
More than 1,300 traffic events were observed 


during the study period, and as occurred on 
route No. 1, the most frequently occurring 
event was that induced by other vehicles in 


the traffie stream (event No. 3). The re- 
mainder of events individually accounted for 
ol small proportions of the total. Moving 
Vehicles constituted a 6-percent greater part 


of the total on the alternate route than on the 
Inajor arterial route. Making the arbitrary 
uption of homogeneity, a ¢ test of the 


diff-renees between the two proportions was 


m . At of 4.21 was obtained which was 
SI ficant at the O.O1 level. This would 
‘ay ir to indicate that the tension inducing 


icteristies of the alternate route seemed 


te clude a lesser proportion of peripheral 
s than that found on route No. 1. Thus, 
n traffie conflicts on the alternate route 
ay ared to be somewhat more directly 
re jed to instream traffie activity. 

e ranking of the events according to the 

ige magnitude of response in table 7 
S!oows that the most tension-inducing traffic 
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event was crossing and merging traffic 
No. 7). 


second highest in average magnitude of. re- 


event 
Opposing vehicles (event No. 4) was 
sponse, In general, the order of intensity of 
tension induction for each of the events was 
similar to that found on route No. | 

The data are shown for the different traffic 
periods in table 8 The morning offpeak 
runs are not included in this tabulation as they 
were made in conjunction with the continuous 
test runs made on both routes. The overall 
frequency of occurrence of traffie events was 
1.79 per minute, or approximately one every 
33 seconds, with a minimum during the morn- 
traffie 
minute, or one 


ing peak hours of 1.45 events pet 
every 41 seconds The fre- 
quency maximum was during the afternoon 
offpeak traffic hours when there were 2.65 
92 | 


2) SCCONAGS 


events per minute, or one every 


The maximum tension 


response per minute 


Table 6.—Traffie events and magnitude 


occurred during the afternoon offpeak hours 
and was twice as great as the response per 
minute for either of the peak hour traffic 
periods. 


Tension responses per minute for 
the night runs fell intermediate between the 
peak and offpeak traffic periods. It should be 
pointed out, however, that these differences 
were obtained by pooling data from drivers 
who were dissimilar in their tension responses, 
They should, 


carefully. 


consequently, be interpreted 


Discussion of the Findings 


As was pointed out earlier, the purpose of 
the study was to explore the possibility of 
using the galvanie skin response as a means 
for distinguishing features of traffie and streets. 
The first goal was to detect differences be- 
tween two arterial routes serving approximately 
the same traffie funetion. The results indi- 
cated that the Gsr reliably discriminated be- 
tween the two arterial routes, but the distine- 
tions among different characteristics within 
each route were not as clear cut. However, 
the results do indicate the complexity of de- 
cisions faced by drivers on an urban street. 
The variety of conflicts occurring on the street 
were sufficiently frequent and involved to 
place drivers under a_ fairly 
quency of stress 


consistent fre- 


One finding of particular interest was, in 
terms of the average magnitude of Gsr, the 
significant order of the different traffie events. 
The events which induced the highest average 
tension on both routes were the conflicts 
occurring with vehicles entering or leaving the 
traffie stream and, on the alternate route, the 
These 
which the rate of change of loeation of the 
conflicting 


opposing vehicles. were events” in 


vehicles was at > a maximum. 
These were situations where the driver was 
required to solve a set of differential equations 
With 


the human’s limited accuracy in speed esti- 


in order to predict a course of action. 


of tension responses in time on route No. | 





| I 
8) 

Nort itht 
\ 2.4 ) 
B < “ 
C 
1) 2. ( 
E 2 2.7 
All drivers 2.4 2.8 





rut Magnitude of response per 


minute Ratio: 


northbound 


Ditferenee Northbound ; Southbound southbound 


+0). 5 7. 30 7. 60 0.96 
{ 6.59 &. 30 7 
4 6.41 6. 60 1.05 
l 4.11 3.51 1. 0S 
4 6.90 4.40 73 
4 6. 29 7. 23 S7 








Table 7.—Frequency of occurrence and average magnitude of responses evoked by traffic 
events on route No. 2 





No lratlie eve 

l Parking maneuvers 

2 Marginal pedestrians 

3 Instream vehicles 

4 Opposing vehicles 

5 Instream pedestrians 

6 Diverging vehicles 

7 Crossing and merging vehicles 
Ss Tratlie signals 

All events 





Percent of all events 
Numbet Average Rank by 
of events magnitude average 
Route Route magnitude 
No. 2 No. 1 
70 5.3 9,2 1. 30 S 
) 0.6 4.2 1. 56 7 
R63 65.6 59.7 1.77 5 
0 38 &.0 2.14 2 
17 1.7 | 4.7 1.71 6 
70 5.3 5.1 1.79 | 
93 7.0 3.6 2. 58 I, 1 
142 10.8 5.3 1, 97 | 3 
314 100. 1 99.8 1. 84 } - 








1 Data from table 3 


Event No. 4 on route No. 1 was transit loading platforms 
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mation and angular closing rate, and the 
limited time for such decision, these situations 
had a high degree of unpredictability for the 
driver and may reasonably be most threatening. 

The two events which ranked next in order 
were the traffie signals and instream pedes- 
trians. Both may be considered as “instream 
-uneertainty.”” In the study, the driver was 
influenced by traff—ie signals only when there 
were no other vehicles interposed between 
him and the signal. There was, then, a fairly 
high probability that the driver arrived at a 
signal at the moment when it had just changed 
or Was in the process of changing. This would 
appear to be a particularly indeterminate 
situation for the driver. The effeet. of in- 
stream pedestrians was quite similar. The 
driver had no way to predict the action of a 
pedestrian. Any conflict would arise strictly 
by action of the pedestrian. Both events 
probably represent a straight risk-type deci- 
sion operation, and the observed magnitude 
of tension response may well reflect the degree 
of uncertainty in each situation. 

\ third pair of traf—e events which appear 
to go together are the instream vehicle and 
parking maneuver events. These both may be 
considered “instream interferences.” In the 
instream vehicle event, the vehicles were mov- 
ing in the same direction and the relative 
differences in velocity between the test vehicle 
and other vehicles in the stream was relatively 
small. Consequently there was adequate time 
for compensation for any changes in the 
characteristics of the ongoing traffic stream. 
Parking maneuvers were generally found to be 
quite conspicuous so that the test driver was 
able to adapt his speed or direction with 
relative ease. Both events appeared to be 
relatively predictable actions for which the 
driver could adequately compensate, and for 
which there was adequate time for decision 
making. 

The last two traffic events, marginal pedes- 
trians and the streetcar loading platforms, 
may be termed ‘fixed objects.”’ For all cases 
conflict 
vehicle occurred when the pedestrian was 


observed, between pedestrian and 
standing or just beginning to move into the 
street. At this point it seems reasonable to 


consider this as a fixed-obstacle situation. In 


general, it appeared in both of these types of 


events that the driver had more or less com- 
Thus, 


as simply choice 


plete control over his actions. these 


events may be conceived 


points, and the responses were a reflection of 


tension stress due to a choice made by the 


driver. 
Predictability and response 


One general implication from the results 
of the study is consistent with current knowl- 
edge of the Gsr. It is that the more highly 
unpredictable the situation, the more dynam- 
ically the subject) responds. The unique 
thing in the study was the fact that there 
appeared to be a very high level of unpredic- 
tabilitv in driving on urban streets The 
data indicated that about three times a minute 
an event occurred which foreed the driver 
to take some compensatory action. Further- 
more, as the traffie situation created a more 


complex demand upon the driver, the tension 
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Table 8.—Frequency of occurrence and average magnitude of response on route No. 2 hy 
time period 





Traflie period 


Morning peak 
Afternoon peak 
Afternoon offpeak 
Night 


All tratlic 





Number of Average Events Magnitude o 
events magnitude per minute response per 
of response minute 
242 1. 68 1.45 2. 44 
363 1. 41 1. 86 2. 62 
122 1. OS 2.65 5.25 
346 2. 21 1.89 4.18 
1, 123 1.79 1.79 3. 20 








aroused by that situation became even 
greater. 
These 


environment generates a tension response in 


results indicate that the driving 
inverse relationship to the predictability of 
the conflicts. The order of the 
traffiC events significantly demonstrates the 


ranking 


situations which are hardest for the driver to 
Also, 


the complexity of the driving environment 


predict and thus to compensate for. 


may be added to the element of predictability. 
In the only control section where there was a 
significant difference between traffic time 
periods, the decrease in average GSR came 
when the complexity of the traffie situation 
was reduced. 

In addition, the differences between the 
two arterial routes, in terms of their percentage 
of marginal interferences, also indicated a 


difference in complexity between the two 


routes. On route No. | over 40 percent of all 
observed events arose from interferences 
occurring along the margins of the street. In 


such a traffie situation the driver is forced to 
He must 
sort, select, and then operate on this heavy 
His ability to select and 
predict is inherently restricted; one conse- 


attend to a wide range of stimuli. 
load of information. 


quence of which is an increased level of stress 
and a greater tension response to events. 
Delegation of control to other drivers 
Finally, analyses of the findings indicated 
a high rate of decision making for drivers on 
Where the 


forced to respond to a fixed object the average 


an urban. street. driver was 


GSR Was relatively low. This was a situation 
where the driver usually made the decision on 
time. In the 
situation of vehicles entering or leaving the 


his own terms in his own 
traffic stream, the driver was foreed to make 
decisions both very rapidly and with a mini- 
mum amount of information, much of which 
he could not handle accurately or efficiently. 
Under these circumstances the driver was 
dependent 
consistently In complex traffic, then, the 


upon other drivers to respond 
individual driver was often forced to give up 
a certain amount of control to other drivers 
in the traffie stream. 

\s to how this delegation of control would 
affect traf—fe operations and = capacity, it 
appears reasonable to believe that a driver 
will compensate for this loss of control by 
any means at his disposal that will reduce 
his uncertainty. He ean, for example, in- 
crease the headway between himself and the 
vehicle ahead, or by reducing his speed. Such 
compensations, however, have a tendency to 
reduce the capacity of the street, and cause 
turbulence in the flow of traffic. 


Reliabi'ity of the GSR 

The results of the study indicated that the 
GSR Was an adequate measure of driver be- 
havior. There were, however, questions rel:ut- 
ing to the Gsr which have not been discussed 
in this article. One thing that needs to be ex- 
amined far more intensively is the reliability 
of the galvanic skin response (6). It is well 
known, for example, that there is a rather 
consistent adaptation of the GsrR so that the 
same stimulus intensity may not arouse the 
same magnitude of GsR on repetition (7). This 
Was in part compensated by the calibration 
procedure used in the study, and the fact that 
no traffie event occurred twice in precisely the 
same way. Nevertheless, the changes which 
occurred during a test run were not examined 
in detail. 

Some very simple assumptions have been 
made about the relation of the tension re- 
sponses to the traffie situations. The problem 
is essentially one of determining what the 
responses mean in a traffie situation. It is an 
oversimplification to assume, as was done in 
this study, that the Gsr is aroused only by 
the occurrence of a traffic event. The Gsr is 
sensitive to a wide variety of behavioral 
responses (8) whose relationships may be only 
indirectly related to the traffic event. There 
is little doubt, for example, that the Gsr «c- 
companies preparatory muscular activity or 
muscular response itself (9). 

Statistical significance of a 
tension response 

Another problem is the statistical nature of 
In the study the 
magnitude of response was a positively skewed 


the galvanic skin reflex, 
distribution. The range of conductance was 
Such dis- 

f 
Thus, in this study, the 


from zero to some Maximum value. 
tributions pose some difficult 


problems ( 
statistical analysis, 
use of the arithmetic mean and the usual 
statistical tests of inference are in question 

There are also certain methodological prob- 
lems of specifying and interpreting the traffic 
events. For the purposes of this study each 
traffic event was treated as discrete or isolated. 
It is obvious, however, that confliets in traffic 
ure not discrete but develop continuously in 
time. Thus, the schedule of observation arbi- 
trarily collapsed a complex and continuous 
behavioral response to a single point in time. 
There is no way of knowing from the presvnt 
study whether an observed galvanie skin 
sponse occurred at the approach to a confli«t, 
during the conflict itself, or at the point in 
time when a decision was made. It is c¢on- 
ceivable that any or all of these proce--es 
could evoke a response. 


(C ‘ontinued on page 71) 
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A Cooperative Investigation by the 
Connecticut State Highway Department 
and the Bureau of Public Roads 


RAFFIC at night has always had accident 

rates averaging about twice that of day- 
time rates, and the rapid, continuing growth 
of travel has increased both the awareness of 
the magnitude of this problem and the efforts 
to develop remedial measures. Night driving 
involves not only the problems of darkness, 
but hazards of fatigue, drowsiness, and other 


The 


darkness, of 


factors. ultimate solution in avoiding 


would be to illuminate 
the roadways to the same intensity as exists 


course, 


during daylight, but this is obviously imprac- 
tical 


what 


It remains to be determined, therefore, 
level of would 
drivers to operate their vehicles at night in the 


illumination induce 

same manner as they do during daytime. 
While it has an accepted fact that 

good visibility is a prerequisite to good traffic 


been 
have been 
forth for lighting. 
Similarly, there has been no correlation be- 


operations, there no accredited 


Warrants set highway 
tween the effects on traffic operations of de- 
lineation (reflector buttons) and illumination. 


Scope of Study 


The importance of lighting was 
emphasized at the 1958 annual meeting of the 


Highway 


highway 
fesearch Board and again at the 
1959 annual meeting of the American Associ- 
ation of State Officials. 


very little was known on the effectiveness of 


Highway Because 
highway lighting on freeways, with respect to 
driver behavior, accidents, and night usage of 
the highway, the Connecticut State Highway 
Department in cooperation with the Bureau of 
Pub Roads undertook a 


study in this field in 1959. 


comprehensive 
Continuous mod- 


ern highway lighting on a 53-mile section of 
the |29-mile Connecticut Turnpike afforded a 
good opportunity to investigate the effects of 
iunination and delineation on traffic opera- 
tor 

‘| purpose of the study was to evaluate 
the « ‘Tectiveness of roadside delineation, pave- 
mit narkings, and a combination of delinea- 
uo ind markings under conditions of full, 
par ,and no highway lighting. The effects 
to scertained would be those manifested in 
acc onts, and in drivers’ actions such as speed, 
lat placement, headway distance, lane 
us and utilization of acceleration and 
de ration lanes. A total of 183,000 motor 
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lraffic Operations as Related to 
Highway Illumination and Delineation 


Reported ! by 


ASRIEL TARAGIN, Chief, Traffic Performance 


Branch, Division of Traffic Operations, 
Bureau of Public Roads, and 


BURTON M. RUDY, Senior Highway Engineer, 


Connecticut State Highway Department 


The increasing mileage of freeways being put into operation has stimulated 
much discussion of highway illumination and its possible value in reducing the 


tension and strain of night driving and in reducing traffic accidents, and per- 


haps thereby increasing the night usage of these highways. 


Because of lack 


of factual knowledge on the subject, the Connecticut State Highway Depart- 
ment in cooperation with the Bureau of Public Roads undertook a study of 
the effects of illumination and delineation on the Connecticut Turnpike. 
Driver behavior data were recorded under nine different conditions of highway 
illumination and delineation at a heavily traveled interchange illuminated 


with mercury lamps. 


{ecident data were obtained on the 53-mile continously 


illuminated section and the 77-mile nonilluminated section of the Turnpike. 
The study showed no significant differences with respect to average vehicle 
speeds, lateral placements, and clearances between vehicles, under the various 


conditions of illumination and delineation. 


The manner of night usage of 


speed change lanes, particularly the acceleration lane, improved with increased 


illumination. 


In general, it appeared that some benefit resulted from full- 


level illumination in the deceleration area, and that even greater benefit oc- 


curred when illumination was combined with roadside delineation. 


Illumina- 


tion of the interchange area only did not appear to be advantageous insofar as 
the access ramp site was concerned. 


vehicles were observed under the 
nine principal lighting conditions: 

No illumination: 

1. Lane lines only. 

2. Lane lines and edge lines 

3. Lane lines, edge lines, 
lineators. 

Partial illumination 

$1. Lane lines, edge lines, and on 
mal illumination 


5. Lane lines, 


edge lines, deline 
one-half normal illumination. 

6. Lane lines, edge lines, deline 
one-half normal illumination in it 
area only. 

Full illumination 

7. Lane lines, edge lines, deline 


normal illumination in interchange 


8. Lane lines, edge lines, and n 
mination. 
9. Lane lines, edge lines, deline 


normal illumination. 

The reflectorized lane 
dashed, with both dashes and spac¢ 
feet in length. 


white 


white to the left of 
stream and _ solid vellow to the 1 


ized: solid 
lane and edge lines were 6 inches it 
the Turnpike proper, and 4 inche 


on the access and exit ramps 


All edge lines wert 


follow Ing 


and roadside de- 


e-half nor- 


ators, and 
ators, and 
iterchange 
ators, and 


area only 
ormal illu- 
ators, and 
lines were 
= being Pas 
reflector- 
the traffie 
The 


1 width o1 


ight 


s in width 


The importance of delineation, with or 
without illumination was demonstrated. 


Highway lighting consisted of mereury lu- 
minaires throughout. Delineation consisted 
of acrylic plastic reflex reflectors, 3 inches in 
diameter, height of 45 feet 
The reflectors were 
spaced at 200-foot intervals on the Turnpike 
and at reduced intervals on the access and exit 
They were placed about 12 feet from 
the pavement edge on the shoulder and about 
5 feet from the pavement on the median strip. 
Installations on the Turnpike consisted of 
both sides of the 
roadways, whereas dual amber reflectors were 


mounted at a 


above the pavement. 


ramps. 
single white reflectors on 
used on both sides of the ramps. 


Locations Studied 


Although 


included a number of study sites, preliminary 


originally planned procedures 
work indicated the necessity for simplification 


of the study program if it was to be com- 


pleted within a reasonable time period. Two 
comparable sites were selected for detailed 
study, located at a Turnpike interchange with 
Site 4M was located 
on the access ramp and site 5M on the exit 


large volumes of traffic. 


ramp. From all the sites originally selected 
for study, it was presumed that site 4M and 
1 This article was presented at the 39th Annual Meeting 
f the Highway Research Board, Washington, D.C., Jan 


uary 196) 
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Figure 1.—Plan of general study area. 
5M would reveal the most significant effects lanes on either side of a median that varied Average daily traffic volumes on the Turn- 
evidenced by the nine variable conditions of in Width from 4 feet to 30 feet. pike just west of the study interchange were 
iNumination and delineation At the study location, the West Broad 17,000 vehicles in each direction. At the 
From the New York State line to 8 miles Street interchange in the town of Stratford, iterchange, almost 7,000 vehicles left the 
eust of New Hlaven, a distance of 53 miles, 15 miles southwest of New Haven, the six Turnpike and over 7,000 vehicles entered, 
the Connecticut Turnpike was illuminated to lanes were abutted by 2-foot-wide bituminous daily 
a lével of 0.8 foot-candle on the roadway and — gutter strips and = 10-foot-wide bituminous The general area of the interchange, 
access ramps. The exit ramps were illu- | shoulders. The depressed grass median was which the nine lighting conditions were estab- 
minated at a somewhat lower level. The 30 feet in width and the access ramp and — lished for the study, is shown in figure 1 
roadway consisted of three 12-foot concrete exit ramp roadways were 13° feet wide Also shown are the limits of illumination and 
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Figure 2.—Plan of specific study locations. 
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Figure 3.—Access ramp site 4M. 


lelineation changes for the eastbound and 
westbound traffic, and the limits of the inter- 
change area. Lights were controlled within 
these limits. 

both 
the westbound access ramp, site 4M, and the 
site 5M. 


shows the roadway, illumination, delineation, 


Specific observations were made at 


eastbound exit ramp, Figure 2 
and locations of the recording and detecting 
equipment in the vicinity of the study sites. 
Figure 3 shows the access ramp site (4M 
looking easterly along the westbound lanes. 
(5M) 


looking westerly along on the eastbound lanes. 


Figure 4+ shows the exit ramp site 

Partial illumination (for lighting conditions 
1, 5, and 6) was attained by changing lamps 
and ballasts as well as by using specially con- 
structed 


‘amps with the existing ballasts. 


The aetual levels of illumination achieved 
were determined by the standard practice 
for measurement as recommended by the 
The actual 
Values Were measured at intervals of 10 feet 


[liminating Engineering Society. 
by the light meter for the study area. For 
illustrative purposes, however, only typical 
rage foot-candles of illumination are 
NORMAL TANGENT SECTION (30' MEDIAN) 
(AVERAGE FOOT CANDLES-.63) 
































shown in figure 5 for normal illumination 


and in figure 6 for partial illumination 
Generally, the illumination ratio of the aver 
age to the minimum was 4 or 6 to 1 The 
different appearances of the highway under 
the 2 


discernable visually as shown in figure 7 


levels of illumination were readily 


Field Observations 


The mobile traffic analyzer designed and 
constructed by the Bureau of Public Roads 
was used in the study to record the traffic data 
Constructed from a revamped delivery truck, 
the traffic analyzer vehicle housed four sole 
noid-operated adding machines, a digital clock, 
telegraph keys, and other supporting equip- 
ment, shown in figure 8. All of the equipment 
was electronically interconnected 

The recording units in the vehicle were con- 


nected by multiconductor cables to four sets of 


road-detector tubes placed across the roadway 
at four specific locations, shown in figure 2 
One set of detector tubes was placed across the 
curb lane and access ramp lane near the begir 
ning (location No. 1) and a second set near the 
end location No yr of the acceleration lar 
CURVE SECTION (NARROW MEDIAN 
(AVERAGE FOOT CANDLES-.68) 
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Figure 5.—Measured illumination values under normal illumination 
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Figure 4.—Exit ramp site 5M. 


site 4M): the third set of detector tubes wa 
placed across the curb and middle lanes neat 
the beginning of the deceleration line (location 
No. 3 
curb lane and exit ramp lane (location No. 4 
As the motor 


vehicles on the Turnpike passed over the de 


>and the fourth set was placed across the 
near the gore area (site 5M). 
tector tubes, electronic impulses Were tran: 
mitted to the traffie analyzer and recorded 

The data electronically recorded included 
the speed of the motor vehicle, lateral place 
ment (from which lateral clearances between 
vehicles were calculated), and time of day to 
the nearest one ten-thousandth of an hour 
from which traffic maneuvers and headway 
distances were calculated) 

A supervisor and four observers were located 
inside the traffic analyzer vehicle and four 
more observers Were stationed outside, but in 
The in- 


side observers operated certain keys which re 


the immediate vicinity of the vehicle. 


corded vehicle classification and driver action 
in the merging and diverging traffie areas. The 
outside observers recorded the manner in 
which drivers utilized the acceleration and de 
celeration lanes including various driving ac 
tions such as use of brakes, sudden slowdowns 
ete Thev also reeorded tratfie volumes and 
lane changing on those lines not equipped with 
road-deteetor tubes 

\ecident data, compiled for both itiininated 
ind nonilhuminated areas, were obtained from 
Police 


Turnpike accidents considered for comparative 


state accident reports The only 
analyses were accidents which occurred during 
the first 8 months of 1959. Turnpike accidents 
prior to 1959 were not considered indicative olf 
the accident experience because the road was 
Accident 
information for the Merritt Parkway and for 


only partially open to traffic in 1958 


all other Connecticut State highways, used for 
comparative purposes, Was obtained from the 
last full vear of accident tabulations avaikubl 


from motor vehicle reports. 


tnalyses and Discussion of Data 


Che multitude of data recorded could not 
be treated by normal tabulating procedure: 
ind a high-speed electronic computer wa 


employed. For simplicity in analyses of ve 
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Figure 6.—Measured illumination values under one-half normal illumination. 


hicle speeds and lateral placements, motor 


vehicles were grouped into two categories: 
(1) light vehicles -consisting of passenger cars 
and (2) heavy 
trucks, 


The vehicles were 


and 2-axle, single-tire trucks; 


vehicles consisting of all heavier 
combinations, and buses 
also classified according to their proximity to 
other vehicles on the roadway, as follows: 
Free-moving vehicle. One whose longitudi- 
nal spacing to the nearest vehicle, ahead or 


behind and ins any lane, was more than 7 
seconds 
vehicle Cry 


spacing to the nearest vehicle in an adjoining 


Adjacent Whose longitudinal 


lane was 1.4 seconds or less 


Trailing vehicle-—One whose longitudinal 


spacing to the preceding vehicle in the same 
lane was 35 seconds or less 
Adjacent and trailing. vehicle. One whose 


longitudinal spacing was 1.4 seconds or less 
| 


to the nearest vehicle in an adjoining lane, 


and at the same time less than 5 seconds be 
hind a preceding vehicle in the same lane 
Other. 


another vehicle in the same lane was over 38 


One whose longitudinal spacing to 


but less than 7 seconds; or whose longitudinal 
spacing to another vehicle in an adjoining lane 


was more than 1.4 but less than 7 seconds 


The vehicle position classifications thus in- 
clude free-moving and unaffected; adjacent to 
a vehicle in the next lane; trailing anothe1 
vehicle and either adjacent to another vehicle 
or laterally in the clear; and finally, “other,” 
representing a position of near but not close 


proximity to other vehicles. 


Traflic volumes 


The total traffic and the traffic distribution 
With the ex- 
ception of one period during nighttime traffic 
at site 4M (lighting condition No. 8, lane and 


by lanes are shown in table 1] 


edge lines and normal illumination), the access 
and exit ramps carried more traffic than any 
other lane. Generally the median lane car- 
ried the smallest percentage of vehicles and 
the curb lane the next smallest 

At both sites the percentage of heavy trucks 
and buses was greater at night than during 
the day, as shown in table 2. Heavy trucks 
and buses accounted for 12 percent of the 
vehicles recorded at site 4M and 10 percent 
recorded at site 5M. The smaller percentag 
of heavy vehicles recorded at site 5M was 
due to the location of a toll plaza east of the 
study site and the preceding exit ramp west 


of the study site which led directly to U.S 


Krom an analysis 


Route 1 in Stratford. 


raffie data 


not shown in tables) it was fou 
that a higher pereentage of heavy vehie 


the through-traffie streams 


Vehicle speeds 


No. significant relation between vehi 


speeds and the lighting conditions was estal- 
lished by the study. Variations among da 
time speeds were as great or greater th 
between day and night 


these variations were found for free movit 


vehicle speeds; and 


adjacent, and trailing light and heavy ve- 
hicles \ summary of the average day and 
night speeds recorded at the four locations is 


given in table 3. 

Classified by the nine lighting conditions 
traffic, the difference 
between the average speeds rarely exceeded 


3 miles per hour, and generally the difference 


during day and night 


was less than 1] mile per hour. A representative 
comparison of the speeds of light vehicles or 
through traffie lanes, their lateral placements, 
and the clearances between adjacent vehicles, 
is shown in table 4. Cars and light trucks 
observed in the curb lane at site 4M and 
the middle lane at site 5M were used for the 
comparison because these lanes carried the 
greatest proportion of through vehicles 

\ review of the distribution of all speeds 
which table 4 is but a representative sampl 
indicated that the percentage of through light 
vehicles traveling below 40 miles per hou 
could 


relative advantages of the study lighting COh- 


provide an index for comparing a 


ditions The index derived for each lighting 


condition was the variation (expressed in per- 
cent) of the percentage of nighttime vehicles 
traveling below 40 miles per hour from the per- 
centage of the total daytime vehicles observed 
10 miles pet 
For eX} 


at the same site traveling below 
hour during the average day. 

if 35 percent of the cars and light trucks 
traveled below 40 miles per hour during thi 
average day and 30 ‘percent traveled below 


$0 miles pel hour at night, the percent varla- 


tion was (30— 355 39 or 14 percent If 
nighttime pereentage of vehicles traveling 
below 40 miles per hour was lower than the 


daytime figure, then the variation was minus 
If the converse were true, the variation we 


be plus 





Figure 7.—A section of the Connecticut Turnpike under one-half normal illumination (left) and normal illumination (right). 
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Figure 8.—Interior view of the mobile traffic analyzer vehicle. 


mpler words, a 


larger proportion 
i@ faster at night 
seemingly large vah 
ghting conditions, 
resulted 
the the ave 
dd speeds below 40 
t\I, 
the 


illumination with ar 


daytime 


Ww. For site 
m occurred for 


Table 1.—Distribution of traflie 


hdd 
than 
shown in 


usually f 


the least 


Varlation means 


of vehicles were 
daytime. 

ies that appear for 
figures 9 
fact that 


percentage of 


rom the 
rage 
miles per hour was 
percentage 
lighting conditions 


id without delinea- 


Nos. 8 


nation with delineation 


tion and 9 partiai Ulumi- 


condition No. 5 


illumination 


(condition 


and 
condition 


appeal 


delineation but no 


No. 3) From the variations it would 


that roadside delineation exhibited an influ- 
ence toward maintaining minimum speed 
differentials; and that where delineations were 
present, partial illumination exhibited very 


little improvement over no illuminatio 
The data for site 5M, shown in figure 10, 
revealed an entirely different trend Phe 


by lanes under different highway 


between 
A smaller 


vehicles 


vertical scale 
10 should be noted 
light 


difference Mn 


real 


figures 9 and 


percentage of through traveled 


below 40 miles per hour during night traffie 
than during the day for all lighting conditions 
xcept condition No. 4, edge and lane lines 
ind one-half normal illumination. One ex- 


planation given for the exception was that the 
the 


liverging maneuvers resulted in a loss of con- 


reduced illumination in area of heavy 


fidence and subsequent lowering of speed. 
} To test the results given in figures 9 and 10, 
‘umulative speed curves for each lighting con- 
dition were compared to the similar curve for 
the The 


findings of the comparison lent support to the 


the average day at two study sites. 


effects of lighting determined by speed 
variations. 
Lateral placement 

Analyses of the data reeorded for lateral 


placement of vehicles failed to reveal any 
significant differences for the nine lighting 
conditions. Certain trends were = indiented 


by the analyses of average day versus night 
as shown in figures 11 and 12, but 
that could be 
tion of the 

In this 


vehicle was 


placements, 
none used as criteria for evalusn- 
lighting conditions. 

the 


distance from 


study, 
the 

the vehiele to the 
In figure 11, 


placement, 


lateral placement of a 
the center of 
right edge of the traffie 
light the 


averaged for all lighting conditions 


lane. 


for vehicles, average 


showed that at the start of the exit ramp and 
the the access there 
difference the 
outer and the inner lane for 
traffic. This difference, 
however, did not appear to exist in the average 
2). 
Analysis of the placement data did indicat 


near end of ramp Was 


considerable between place- 


ments in the lane 


both day and night 


placement of heavy vehicles (fig. 


that all vehicles in the ramp lanes at both sites 


lighting conditions 














I) } Nighttime tratlhi 
Highway lighting condition number I ( ‘ Percent of vehi using 
ind cout Vehicle 
per Nour 
Ramp Curt \ é Ramp Curt Middle Median 
ine mt ine ‘ rhe Leanne Leanne 
Site 4M 
No illumination 
1 LL ‘ ; : 
2.—L-E L : 672 51.0 22.6 21.3 1s. 4 29. 5 Is. 4 3.4 
3.—L-EL,D - 1, 236 36.8 Re $4.0 i 19] 35. 4 27.7 29.8 6.9 
Partial i illumination . 
i L-EL, 1, 21$ $2.4 14. J 27.6 ) 1Y 4 23. 1 27.0 14.7 
5.—L-EL, D, | 1,174 38.7 ye 34.7 ) si 10.0) 20.8 $1.6 7.6 
6 I, EL,D,!.I(int 1, 264 10). ¢ 19.2 tates 4 7. ( 3 34.4 6.9 
Full illumination ; 
7 L-EL,D,I(int 1, 096 1() 1). 0 0.3 ; 38.5 23.1 30.4 x0 
s L-EL,I TON 20 O1.¢ 21,2 Ds 47.0 20.0 1.5 
9.—L-EL,D,I 1, 206 348 19.0 i. | 1( 22.0 30.9 6.8 
Aver ‘ 1, OU4 oo 7 ) om Y x 4 ; mo 27.8 7 
Site SM 
No illumination 
1.—LL : : 
2 L-EL 629 is NS 2 2 ) is. 4 21.4 24.5 o.2 
3.—L-EL,D 1, 5038 17.2 10) a ( ‘ 14.2 1). 8 97. ‘ae 
Partial illumination 
i L-EL,! 1, 509 ‘2 { 22.8 19.% 24 10.6 
5 L-EL,D,!sl 1, 48S 18. 7 24 19 14.8 26.4 9.1 
_ EL,D I(int 1478 is. 4 20.4 7. 2. 0) 24.4 6.6 
Puil amination - q 
r 'L EL,D,I(int. 1, 507 1s. 4 10.8 2 ! Su 13.8 22.0) se 7.0 
s L-E a | 1, 401 46). f 10.7 21.1 s1] 1s l j 17.5 1.3 
i) L-EL,D.! 1. 443 17.7 10.8 25. ) xs 7.8 a7. 2 6.5 
verage 1, 377 17.1 ~*~ Zt a ’ 25.0 7.1 
Code: LL—lane lines only; L-EL—lane and edge lines; D—roadside delineation; 'ol—one-half1 nat it nterchange area only; I—normal 


ghway illumination, 271 


ratlic data were not 
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Fable 2.—Percent of heavy vehicles recorded at the study sites, classified by 
lighting condition 
Percent of total traffic volumes 
Highway lighting condition number and eode | Site 4M Site 5M 
Day Night Day Night 
No illumination 
1 al, =e ' ; 22 23 12 17 
2.—-L-EL 16 17 10 13 
3.—L-EL, : 10 15 7 12 
P ial Meclincabion | 
1.—L-EL, ‘oI . woe 11 15 7 13 
5 4 EL. D, WI aa ‘ 16 13 9 10) 
i) -EL, D, MI (int éa Ll ll v 13 
k ull tam tation 
7.—L-EL, (int ~ 11 11 5 8 
&§—L-EL, Lo . 14 12 W 15 
0. -L-EL) D, 0 12 5 s 
Average 12 13 “ 12 
For lighting code, see table 1, footnote 1. 
Table 3.—Summary of average day and night speeds under all lighting 
conditions recorded at the four locations 
Light vehicles lleavy vehicles 
Locatior 
Daytime Nighttime Davtirne Nighttime 
speed speed speed speed 
Site 4M 
Location No. 1 m.ph mph m.ph. mph. 
Ramp lane ; 38.4 38. 8 31.4 29. 1 
Curb lane : 50.0 10,2 18. 4 7.7 
Location No. 2 
Ramp lane : F 41.0) 10.3 34.0 $0) 8 
Curb lane 3 47.7 1.2 17.3 Hi. 4 
Site 5M: 
Location No, 3 
Curb lane___. 42.3 42.8 15.5 17.3 
Middle lane x 57.6 57.4 55.9 56. 4 
Location No. 4; 
Kamp lane 37.1 38. 1 37. 1 30.4 
Curb lane ‘ , 18.5 14.4 40.5 7s | 
tended to travel closer to the through lanes at — is 1.4 seconds. The percentage of headways 
night: and that all vehicles in the eurb lane below this longitudinal time spacing was 


at both sites generally traveled closer to the — therefore selected as the criterion in evaluating 
right edge of the traffie lane at night. the effect of lighting conditions. However, 


Headway distance 


It 


was believed that the position a driver jjohtine effects 


a review of the percentage distributions could 
not establish any definite relation between 
and headway. 


selected for his vehicle, in relation to the 


Clearances between vehicles 


all but one of the lighting conditions. he 


differences in measurement recorded at earch 
le 


and so varied among the lighting conditions 


site, however, were quite small in magnit 


that no distribution significance could — by 
realized. 


Lane usage 


The most significant findings of the stidy 
related to the use of the acceleration snd 
deceleration lanes. Data for this phase of 
the analyses were obtained by the observers 
stationed outside the mobile traffic-analyzer 
vehicle. These observers recorded the number 
of vehicles utilizing the aecess ramp and the 
proportion of the length of the aeceleratio: 
lane which was traversed by each vehicle 
before crossing into the curb lane. At the 
exit site, vehicles using the deceleration lane 
and the length of use, were also recorded 

For ease and accuracy in recording observed 
data, the acceleration and deceleration |:nes 
were divided into three equal sections. The 
percentage of total vehicles crossing into and 
out of each third of the lane under each lighting 
condition at night was paired with the com- 
parable percentage figure for the average day 
The difference between the figures was then 
expressed as a percentage of the average day 
figure, and the percentages for the three see. 
tions of the speed-change lanes were averaged 
The averages of the 8 percentage variations 
from the average day are plotted in figures 138 
and 14 for each lighting condition. No per- 
centage variation is given for condition No. | 
as no data for “lane lines only” was available. 
The average variation is in effeet a measure of 
how close night operation approaches daytime 
operation, 

For site 4M, figure 13, it was found that 
under the same conditions of delineation, use 
of the acceleration lane at night was directly 
related to the level of illumination. As the 
amount of illumination increased, night usagi 
of the acceleration lane more nearly ap- 














preceding vehicle in the same = traffie lane, proached daytime usage. For example, with 
would be influenced by various lighting As utilized in this study, clearance relates delineation and no illumination, condition No 
conditions and thereby would afford the to the lateral distance in feet ace bodies 3, night usage of the acceleration lane was 37 
researchers an opportunity to measure driver of adjacent vehicles. The clearances — of percent different from the average day; with 
behavior under each lighting condition. The through light vehicles, shown in table 4, were one-half illumination, condition No. 45, th 
approximate time equivalent of the recom- — generally representative of all vehicles under variation dropped to 23 percent; and with full 
mended safe distance between successive vehi- all lighting conditions. Clearance appeared illumination, condition No. 9, the wartutior 
cles at the posted speed of 60 miles per hour to be greater at site 5M than at site 4M under was 17 percent. 
Table 4.—Summary of average speed, lateral placement, and clearance for light vehicles in through traffie Lanes 
Site 4M Site SM 
Highway lighting condition 
number and cod Speed Piacement Clearance Speed Placement Clearance 
Day Night Day Night Day Night Day N 1) Night Di N 
ip.h n.p.h Feet Feet Feet Fee p.h n.p.t Fee Fee Fee / 
No Tlumination 
l 1S 7.0 Ht 6.1 6.4 6. 2 ) » } 60 st s 
2 LEL 13 is. | 6.7 68 7.4 68 5th. S ‘ ( ( x0 
3 L-EL, D $y 2 yf 6.7 i.4 7.4 7.0 AS. 5 7 6.8 7.3 s s 
Partial illumination 
i , l 4) 3 6.4 4 7.4 6. 2 vf s 4 “os 6.4 8.4 s 
5.—L-EL, 4 Lol WLS 0.0 ) 6.5 7.1 ra aH Y Ht “7 s ‘ 
6.-L-EL, bol cint 1.8 nD tit 66 7.2 Hs 57.4 ql is #. ¢ x. | 
I ull illurmins on 
ri L-EL, ! iss 19.7 ( Hit 8 Rat su s l 7 s.4 ‘ 
s L-EL, I 5L.0 10 Hu t) S34 7. 1 s Hu “4 Ss. 2 s 
v L-EL, D cs tn) 1s 6.7 7.0 7.4 7 2 7 36 : 7 9 6s s 4 
Average - 3.0 10,2 G7 6.5 7.4 7.0 57.6 71.4 Hos th ee s 
For lighting code, see table 1, footnote 1 Distance in feet center of ear to right edge of lane Clearance in feet betw bodies idiacent cars 
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HIGHWAY LIGHTING CONDITION 


Figure 9.—Night from average day percentage variations of speeds 
for through light vehicles traveling below 40 miles per hour under 


the nine lighting conditions at site 4M. 


In the use of the deceleration lane at site 
5M, figure 14, full illumination also yielded 
the best results. One-half illumination, on 
the average, produced slightly larger variations 
from daytime operations than no illumination. 

Again the importance of delineation was 
demonstrated. Under full illumination with 
delineation, the percentage variation Was al- 
most negligib'e, whereas under full illumina- 
tion with n>» delineation the variation Was 
over 15 percent. 

Other driver 
use of brakes, 
over, and changing lanes. 


included 
sudden deceleration, cutting 
Analvses of the 
observed data revealed nothing of significance. 


beha ior recorded 


There was more sudden deceleration and use of 
brakes at the exit ramp site for condition No. 
2, lane and edge lines only, than under the 
other lighting 
darkness. 
an even higher total of such driver behavior 
at both study sites. 


conditions during hours of 


During davlight hours, there was 


Aceident data analyzed 

Correlation of traffic operations with acci- 
dents was found to be rather inconclusive be- 
cause of the limitations of the data available. 





HIGHWAY 


LIGHTING CONDITION 


Figure 10.—Night from average day percentage variations of speeds 
for through light vehicles traveling below 40 miles per hour under 


the nine lighting conditions at site 5M. 


charae- 


teristics were different for the illuminated and 


Traffic volumes and other highway 


nonilluminated sections of the Connecticut 


Turnpike. Incomplete roadway openings, 


general construction cleanup, et¢., made it 
necessary to limit the surveillance of Turnpike 
aecidents to the first 8 months of 1959 

A summary of the general accident statistics 
for the illuminated and nonilluminated sec- 
tions of the Turnpike is shown in table 5 
along with similar data for the nonilluminated 
Merritt Parkway and all State highways 

The accident rates for both dav and night 
travel on the Turnpike were considerably 
lower than on either the Merritt Parkway o1 
the State highways. This was to be « Xpe ected 
because of the higher standards of design of 
this modern controlled-access facility and its 
traffic appurtenances 

Analvses of the accident rates on the Turn- 
pike revealed a slightly higher rate for the 
iNuminated section during the day than for the 
nonilluminated section, and an appreciable 
higher rate for the illuminated section during 
the nighttime. night 


Comparing day and 


accident rates on the illuminated section, the 








night rate was 1.76 times that of the day rate: 
while on the nonilluminated section, the night 
rate Was 1.36 times the day rate. However, 
testing the differences statistically, the acci- 
dent 


rates did not significant. 


Also, when evaluated with respect to the wide 


prove to be 


Variation in volumes and other characteristies 
between the illuminated and nonilluminated 
sections, the differences between the accident 
rates did not appear to be significant, 
Analyses were also made of the relative 
This basieally  in- 
a comparison of the traffic volumes, 
frequeney of ramp intersections, and general 
While it that 
illuminated were 


exposure to secidents. 


volved 
features. 


roadway appeared 


conditions in the section 
considerably more conducive to accidents than 
in the nonilluminated seetion, the following 
distinetions were made: 


® The general roadway design standards in 
the two sections were the same for maximum 


curvature, maximum gradient, and ramp 


intersections. 
® The average 


daily traffic volume on the 


illuminated section was approximately 3.6 


times that on the nonilluminated seetion. 
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Figtire 11.—Average day and night lateral placements for light’ Figure 12.—Average day and night lateral placements for heavy 
vehicles, averaged for all lighting conditions. 


Jrom center of vehicle to right edge of traffic lane. 
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Distance in feet 


vehicles, averaged for all lighting conditions. 
from center of vehicle to right edge of traffic lane. 


Distance in feet 
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HIGHWAY LIGHTING CONDITION 


Figure 13.—Night from average day percentage variations of use of 


acceleration lane at site 4M. 
No. 1.) 

© There were twice as many ramp inter- 
sections per mile along the Turnpike in the 
illuminated section. 

® The illuminated section followed a more 
undulating course than the nonilluminated 
section. 

The importance of these highway and traffic 
features was evidenced by the fact that within 
the illuminated of the 
accidents occurred in only 27 percent (14.3 
miles) of the total 53 The average 
daily traffie volumes in the 14.3-mile section 
ranged from 30,000 to 40,000. 
the 14.3-mile section, 
highest traf—e volume, 
times that for the 


subjected 


section, 45°) percent 


miles. 


A portion of 
the 6.9 miles with the 


which was about 1.6 


total 53 miles, was also 
to a comprehensive examination. 
The comparative results are shown in table 6. 

Several significant facts were evident 


the accident summary. 


from 
The daytime accident 
rate of the 6.9-mile section was 114 per 100 


(No data available for condition 











No. I.) 


million vehicle-miles, or 1.54 times the day- 
(74) for the 
illuminated highway. 


time rate entire 53 miles of 
The nighttime accident 
rate of the 6.9-mile section was 135 per 100 
million vehicle miles, or 1.18 times that of the 
daytime rate and only 1.04 times the average 
nighttime rate for the 53-mile section. 

The daytime accident rate increased with 
the traffic volumes whereas the nighttime rate 
remained substantially the same and was then 
only slightly greater than the daytime rate on 
the same section. It must be realized that in 
the areas under discussion the traffic volumes 
during the day were about double those during 
the night. 

It would from the 
rates for the illuminated 
traffic that 
illumination may have had a beneficial effect 


appear analyses of 


accident sections 


of varying volumes highway 


on accident experience. However, it was 


evident that the value of accident experience 


Table 5.—Summary of accident data for the Connecticut Turnpike, Merritt Parkway, and 
other Connecticut State highways 














Total travel, Number of accidents Accident rate 
vehicle-miles 
Facility Highway 
mileage 
Day ght Day Night Day Night Ratio 
night/day 
a 1 
Connecticut Turnpike million nillion 
Hluminated 3. 0 2.40 1.29 177 1es 74 130 1. 76 
Non-illuminated 7.7 au ; l 2 72 is 1. 36 
Potal 128.7 , 30 1.82 248 »() 73 121 1. 6H 
Merritt Parkway—1957 7 $4 4u 103 12 143 $14 a 
All State highways —1957 R, 294.7 30,07 6.7 s ( 6. 197 4 7) Lf 
Number of accidents per 100 million vehicle-miles 2? Accident data from Jan, 1, 1959, to Sept. 1, 1959 


Table 6.—Accident summary of the high traffic volume areas in the illuminated section of 
the Connecticut Turnpike 














Potal tr Number of accident Accident rote 
vel 
Highest trafic volume section 
Diy Night Day Night Day Night 
H.0-mile section 0.44 0.2 ht 135 
14.4-mile section SS t % 1) O4 int 
Total illuminated length (53 miles 2. 4 1.29 77 1S =4 1°3() 
1 Number of accidents per 100 million vehicle-miles, 
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deceleration lane at site 5M. 


HIGHWAY LIGHTING CONDITION 


Figure 14.—Night from average day percentage variations of use of 


(No data available for condition 


in establishing criteria for highway illumina- 


tion would require considerably more data 


thai was available, if statistically significant 
results were to be obtained. 


Summary 


The results of the analyses of the study 


data presumably can be considered typical 


similar in design and _ traffic 


volumes to that of the Connecticut Turnpike. 


for a freeway 


The interchange studied was probably also 
typical of freeway interchanges both from 
the standpoint of geometries and _ traffic 


volumes. Under congested traffic conditions, 
the results might differ considerably. 
The more important results evolved from 


the study are as follows: 


1. Neither average speed, lateral placement, 


headway distance, nor lateral clearance 


change between day 
virtue of 


showed any consistent 


and night conditions by highway 


illumination or delineation. 


2. Nighttime usage of the acceleration lan 


approached daytime as the level o 


illumination 


usage 


increased. A similar patter! 


ot 


existed at the deceleration lane, although i 
was more variable. 


a In 


results of 


that beneficial 


illumination in the 


general, it appears 


deceleration 
area were derived when it was used at the full 
level and that even greater services were 
derived when illumination was combined with 
Illumination of the 


roadside delineation. 


interchange area only did not appear to be 
desirable insofar as the access ramp site was 
concerned. 


1. Analyses of the accident data for the 


illuminated and nonilluminated sections of 
the Connecticut Turnpike do not provide 
conclusive results beeause of the extreme 


Variance in traffie volumes and other highway 
characteristies. 
Despite the of he 


recorded, no 


extensive analyses 


tremendous volume of data 
positive or significant trends could be de el- 
oped that would = define 


for highway 


specifie warrants 


lighting. However, the re-ilts 
of the investigation did point up the \ ie 


Continued on page 71 
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Digital Recording for Highway Research 


BY THE DIVISION OF TRAFFIC OPERATIONS 


BUREAU OF PUBLIC ROADS 


HE moving finger of Omar 
possibly could have been inspired by the 
12th 


a stylus to a lever transducer 


Khayvam 


contrivance of some century scientist 


who attached 
so that an ancient analogue was produced on 
a clay or wax tablet drawn through this device 
by a slave walking in cadance with a water 
The 


electricity did not produce any changes in this 


clock discoveries of magnetism and 


basic system; they only brought operational 
improvements such as pen motors and = gal- 
capillary 


vanometers, pens and light beams, 


spring clocks and synchronous motors, and 
paper charts to replace the limited clay tablet. 

Since the inception of the oscillograph, 
thousands and thousands of miles of analogue 
been 


charts have 


scribed, and _ filed. 


recorded, analyzed, tran- 
And the analogue chart, 
which may be deseribed as a pictoral represen- 
tation of a facet, will certainly always be with 
us: but, its future use will become more and 
more confined to special and carefully selected 
Taking the place of the ana- 
logue, digital recording (recording information 


applications. 


as numbers) is becoming more commonly 
used and appreciated by the research engineer. 

\utomatie digital recording was possible 
and could have been in common use several 
vears ago. However, the data-reduction proc- 
esses were limited to the use of desk calculat- 
ing machines or punched card machines, and 
it was relatively easy for clerks to supply 
digits from analogues as fast as calculating- 
machine operators or key 


could handle them. 


punch operators 


digital 
in the evolution of eleetronies, was 


Only a few short years ago, the 


comp iter, 
million-dollar wonder to 


a few-thousand-dollar office machine. 


changed from a 
Users 
soon became aware of the machine’s tremen- 
dous capaeity for digits. It was able to ingest 
and digest digits faster than small armies of 


one) ; 
“0th century clerks could analyze, transcribe, 


and kev-punch analogue charts. 

: obvious answer to the problem of the 
idle Computer was to eliminate the analogue 
and ig reeord all information intended for 
autoniatie data reduction in digital form. So, 
Wilizinig the eireuits and techniques that had 
deen developed for the digital computer, 
fleetonie) instrument manufacturers have 
made available ‘hardware’ and complete 
unit hich will deliver digital records from 
@XIs analogue systems in addition to per- 
forn in their primary application in newly 
desi 1 digital systems. 

ticle was presented at the 39th Annual Meeting 
ort vay Research Board, Washington, D.C., January 
PUBL Ic: 
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Glossary of Terms 
Some of the electronic terms emploved Nn 
this article are as follows 
Print command An electrical signal which 
indicates to a digital recorder that the periodic 
data collection is complete and is to be printed 
This signal may be either manually or auto- 
matically controlled. 
Staircase.— A digital code in which each digit 


from 0 to 9 is represented by a diserete 


voltage that is one of equal sequential steps 
above or below a design reference voltage 


10-Line.-A_ digital 
digit from 0 to 9 is represented by an individual 


code in which each 


electrical contact. 
Binary code. \ 
several 


term referring to one of 


electrical methods of indicating a 


decimal number in a binary system. The 


two most frequently used systems in digital 


recording totalize binary indications of 
1-2-4-8 or 1-2-2-4 to obtain the desired 
digit. 

Time base de nerator An electronic device 


which provides a repetitive signal of known 


frequency at a high degree of accuracy See 
digital clock.) 
Digital clock. An electronic device 


accepts the output of a time base generator 


which 


accumulates totals of usable time intervals, 
and provides for the time increment recording 
in a digital system. 

decade scaler. \ 


electrical 


Electronic binary device 


which counts input signals and 
provides a digital output of the total between 
0 and 9. 
over” signal and repeats its counting sequence. 

Digital voltmetei 


which can accept direct current voltages and 


The device then produces a ‘‘carry- 


An electronic instrument 


display the values as decimal numbers The 


voltmeter also provides for a reeordet! input 


by one of the standard digital codes. 
Digital Recording Systems 
The purpose of this article is to introduce 


those 
niques to some of the standard electronic units 


familiar with analogue recording tech- 
which may be combined to form flexible digital 
recording systems. 

The Publie 


digitally recording traffic surveys 


Roads has 


data 


Bureau of been 
sinc 
1946 when special solenoids were mounted on 
standard adding machines due to the lack of 
commercially available equipment. Ten years 
for the 


Public Roads to provide its own solenoids 


later it was still necessary Jureau of 


Today, however, the manufacturers of busi- 


ness machines provide for remote electrical 


Reported ' by RICHARD C. HOPKINS, 
Chief, Instrumentation Branch 


all models and almost all 
either provide for a direct 
output to a motorized tape punch or have an 
This 


rapid trend toward the remote or automatic 


actuation of nearly 
manufacturers 
auNiliary unit to provide this output. 
handling of data by office machines is only 
mildly indicative of the advances being made 
in electronic computer print-outs or recorders 
designed for digital systems. 

These newer recorders will be briefly dis- 
cussed and a few typical svstems will be shown 
that can be used individually or in ecombina- 
tion to produce direct) printed records of 
measures Of physical quantities. 

It is difficult to observe any digital system 
without becoming fascinated by the rapidity 
and ‘positiveness with which the data are 
printed and to admire the complex mechanism 
which so faithfully transfers electrical intelli- 
In fact, the effect is to 
often overweight the importance of the re- 


gence into numerals. 


corder which may mask a much more com- 


plicated system of data collection. So, 
0 +1386V. 
STAIRCASE 
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Figure 1.—Three digital’ recorder input 
codes, 
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beeause of the straightforward design of these 
recorders, it is possible for the purpose of this 
article to consider only a few external features 
that are pertinent to any digital system and 
then consider in more detail such systems and 
possible alternates. 
Selection of the first 
dictated by the 


digital recorder will 


probably be output of the 
There- 


fore, since the features of accepting and storing 


svstem that has determined its need. 


digits to be printed on command are common 
to all recorders, it is only necessary to refer 
to recorders in terms of sfaircase, 10-line, or 
These 


illustrated in figure 1. 


binary code. digital recorder input 
codes are 

In a staircase input each digit in each column 
is represented by some particular voltage with 
respect to a zero level. A typical example is 
I38V to represent “0,” +-54V to 


“9” and the other digits represented 


the use of 
represent 
by voltages equally separated between these 
two. 

The 10-line 
terminal for a battery connection and 10 digit 
A digit 


in such a recorder by simply completing the 


recorder provides a common 


terminals for each column. is stored 
circuit from the other terminal of the batte ry 
to the proper digit terminal. 

A binary code input is what the name im- 
this 
units is the decimal equivalent of the binary 


system, the sum of the code 


plies. In 


number produced by the electronic system, 
Because of electronic expediency, code values 
of 1—2--2 


1-2 4-8 input are available. 


fare usual although recorders with a 


In physical dimension, a digital recorder is 


about 20 inches long, 12 inches high and 15 
inches deep and may be obtained in an in- 
dividual cabinet or with a panel for relay rack 
The records r 


mounting. normally 


from 120\ 
the order of 150 watts 


operat ~ 


Recorder models are 


available to print from 6 to 12 digits as rapidly 





60-evele power with a demand of 


Time recording 

In considering the systems that collect and 
prepare the data to be recorded, the measure- 
ment of time, being the abscissa of almost all 
of the 
probably be 


records, should 
Unit 
the analogue is unit length and its measure is 


bulk of the 


common analogue 


considered first. time in 
dramatically illustrated by the 
recorded chart. 

like all 
quantities, must be recorded in its numerical 


In a digital system, time, other 


value. An exception to this would be a situa- 
tion which permitted the recorder print 
command to be controlled by time units. 


Kach record would then indicate the passage 
of one time unit and elapsed time could be 
determined in the data reduction process by 
totaling the individual recordings. 

In the general case, however, a time base 
generator or digital clock must be included as 
a part of the data collection system and its 
significant figures recorded. Two typical time 
bases are shown in figure 2. A quartz crystal 
oscillator (usually 100 Ke.) is connected to 
suitable electronic frequency divider circuits 
These 
time units are counted by an electronic decade 
count of LO 
scaler. As 


may be 


to produce the time unit required. 


sealer with an output for each 


carried over to another similar 
sealers as 
and the 


binary code) of each sealer is always available 


many decade NeCeSsary 


interconnected output staircase or 
for transfer tou proper digital recorder. 


A second 


mechanical, svstem would utilize a synchron- 


practical, and somewhat more 


ous motor, proper reduction gears, and an 


electrical contact closed by the driven cam. 


Ten contact, spring-driven stepping switches 
would then be used in each decade and a LO0- 


line output to a digital recorder would be 


available. 
As circumstances might require, the stepping 
could be actuated by the 


switches quartz 
























as 5 times per second with some special — crystal oscillator and divider circuits or the 
computer print-outs capable of much higher — eleetronie decade sealers could count the 
recording rates contact point closures. Other suitable time 
[9] fo] [9} pectees — 
8 | 8 | 8 | = 
\7| |7| |? | | 
je; 7S) IS OSCILLATOR QUARTZ 
ETC | 5 | 4 on Ae AND DIVIDER CRYSTAL 
3 | a is CIRCUITS 
be 
2 2 2 
| | | | = 
0 | 1 (0 = mm 
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‘ SYNCHRONOUS 
cas MOTOR 
fr Fees ae 
/ REDUCTION | 
| GEARS 
L — T 
WS V. 60% 
_— ] 


i ’ 
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Figure 2.—Typical digital clocks for time recording. 
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DIGITAL 
RECORDER 


PRINT 
COMMANDO 





| 
WEIGHT | 


















DIGITAL 
VOLTMETER 


AMPLIFIER 


Figure 3.—A direct method of converting 
weight analogue systems to digital re- 


cording. 


op 


base circuits make use of capacitor disch 
forks, direct 
powerline frequency, ete. 


time, tuning counting of th 
Weight recording 


Weight 


cells 


can be directly detected bv load 
For use in conjunction with direct 


load 


oscillator-amplifier 


writing oscillographs, cells sand the 


necessary systems are 


commonly used in many highway research 


laboratories. Two alternative methods of 


converting typical laboratory weight analog 


systems to digital recording are possible 
Both are equally accurate and the choice will 
be dietated by future utilization of th 
equipment which is to be procured. 

\ direct substitution approach, figure 3 
to simply 


replace the direet writing oscillo- 


graph with a digital voltmeter. For a mini- 
mum of data collection, the weight values ea 
be manually recorded from the digital indica- 
tion on the voltmeter. llowever, since 

assumed that large quantities of data are t 
be collected that a 


digital reeorder has 


also been obtained, the digital voltmeter wil 


and 
be directly connected to a compatible digita 
recorder and automatic data collection will bi 
accomplished on each print command. 

The 


respects more desirable, diagram A in figure 4 


direct) method, but in many 


less 


is to substitute a voltage-to-frequeney con- 
verter for the direct writing oscillograph. Ai 
unit is also added and 


measure the 


electronic counter 


used to output frequeney and 
transfer the weight data to the digital recorde! 
Although 


method is 


requiring an additional unit, this 


favored because the counter unit 
will have many more laboratory applications 
voltmeter and the. original 


than a digital 


extra expense will result in later economies 
Furthermore, the two units will always com- 


bine for a direct measurement of voltag 


Vibration or dynamic strain recording 


Vibration or dynamic strain investigations 
have encouraged the purchase of much of th 
now used in higliwat 

The 
tem to record vibration or dynamic sti 
standard 


electronic equipment 


and structural laboratories usual sv 


carrier-amplifier equipment — will 


either a direct-writing or galvanometer-typ 
oscillograph output. 


these data 


The digital syst fol 
recording, as shown in figure 9 
requires a direct measurement of two ys lues 
amplitude and frequeney. The amplitude | 
detected by a peak voltmeter for measure melt 
by a standard digital voltmeter and th. fre- 
queney is directly determined by one tiie 
standard electronic counters. Both amp ‘tud 
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Figure 4.—Digital recording diagrams for weight, height, temperature, and speed (and electrical keyboard for coding) using the voltage-to- 


and frequeney can then be recorded as desired 


and the } 


time saved can be best appreciated 
by those who have counted eveles on analogue 
The addition 


of a cathode ray oscilloscope will permit the 


charts to determine frequeney. 


Observation of waveform and a camera will 
provide the few 


t 


technical reports. 


necessary illustrations for 


Height recording 
Liquid levels, large displacements in Oper- 
ating mechanisms, and other height recordings, 
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GAGES yt ‘ || counter | 
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Fig 


re 3.—Digital recording of vibration or 


dynamic strain. 
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frequency converter and the electronic counter. 


ean be measured and recorded by the svstem 
shown as diagram B in figure 4 


10-turn 


\ precis1lon, 


potentiometer divides the voltage 
in direct 


ratio to the level being measured The 


output of the regulated power supply 
print 
command would usually be controlled by some 
digital clock and a direct printed record is the 
result. 


Deflection recording 


Figure 6 shows a svstem somewhat similar 


to that used in reeording height but which is 
more 


practical for small 


deflections. In 


displacements O1 
this system a linear precisiol 
potentiometer, or a linear variable diffe 


(LVDT in oa 


rential 


transformer carrier-am plifier 


system, provides a direct reading of move- 
ment. The print command in this instanes 
could be controlled by position detectors ei 


to provide a deflection record of a structural 


member, 


Temperature recording 


Any system of temperature detection with 
an electrical output can be adapted for digital 
Diagram © 


recording. in figure 4 shows one 


typical which 


attached to a 


system Nn strain gages are 


bimetal strip 
bridge-amplifier couples such a detector to a 
digital voltmeter for transfer to the 


at any desired time. Other detectors, 
as thermistors or thermocouples, cal 


accommodated. 


Speed recording 


Shaft speeds are detected by a tachometer 
as in analogue systems. However, for digital 
recording it is generally more convenient to 
use a digital tachometer rather than convert- 
ing an analogue output. The common tachom- 
eter generator produces an increasing voltage 
with inereasing shaft speed; the digital ta- 
chometer produces one or more pulses per 
revolution of the shaft. The digital recording 
system is completed by connecting a digital 
tachometer to an electronic counter which 
has a time base and gating circuits to count 


pulses per unit of time. The shaft speed then 
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Figure 6.—Digital recording of small dis- 
placements or deflections. 
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becomes direct reading for transfer to the 


digital recorder, A typical system is shown 


as diagram 1) in figure 4 
Manual coding 


Notations, which must | 


e entered by hand 


on an analogue chart, can usually be more 


conveniently handled by an electrical kev- 
/oard ina digital svstem by entering numerical 
codes directly in the recorder, This can always 
be done by providing decades of push buttons 
connected to produce the proper digital code 
for the type of recorder used (diagram FE. in 


figure 4). 


Traffic Impedance Analyzer 


It is a rare occasion when a physical investi- 
gation requires the recording of only a single 
channel of information It is much more 
likely that the capacity of any given recorder 
will be strained and a complicated system for 
entries will become 


programing the data 


desirable. However, most problems can be 
reasonably limited to the capacity of the 11- 
or 12-digit recorders available 

An example of several data being simulta- 
neously entered on a digital recorder is pro- 
vided in the traffic uw pedance analyzer devel- 
Public Roads for 


speed and delay studies and operating econ- 


oped by the Bureau of 


omy studies 


/ 


f 
f 


This digital data-collecting ane 


ELECTRONIC COUNTER @ 


mounted in a 


re cording 


system is MOto! 


vehicle, figure 7, and when the vehiele is in 


motion, at I-second = intervals, prints the 


vehicle speed in miles per hour, accumulated 
mileage in three significant figures, time in 
seconds for a sequence check, and three sig- 


fuel 


2 decades of manual code 


nificant figures of and 


These 


data are shown in a typical recording sample 


consumption, 
provides 


in figure 8 
Figure 9 presents a block diagram illustra- 
tion of the traffic impedance analyzer and 


simplifies the explanation of its operation 


As both speed and delay studies and operating 
economy studies require speed and distance 
to be recorded as a part of the data, primary 


consideration was given to recording these 


quantities The speedometer cable of standard 


American automobiles is designed to make 


1,000 revolutions per mile. On this basis 

special digital tachometer was designed which 
would provide direct speed and = distance 
outputs. For the 
holes 


rotated by a shaft input. 


measurement of speed, a 


dise with 36 near its outer edge was 


With a light soures 
on one side of the dise and a photoelectric cell 
on the other, electronic pulses in direct repre- 
sentation of speed in miles per hour could be 
generated each one-tenth second With a 
shaft input rate of 1,000 revolutions per mile 
\ second hole 


was coupled to the first dise by a 10:1] 


dise with one near its oute 


edge 
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Figure 7.—Traffic impedance analyzer mounted on rear seat of a passenger car. 
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Figure 8.—A typical recording sample from 
the traffic impedance analyzer. 

gear reduction unit. A second photoel 

cell on the outer side of the second dise there- 
fore generated an electronic pulse for exe} 
one-hundredth of a mile of vehicle trave! 
The shaft input of this digital tachometer was 
coupled to the regular 
of the 


the speedometer head. 


speedometer Cuble 
automobile by a 1:1 geared °T 


The electronic pulses from the speed de- 
tecting photoelectric cell were connected 
counter, This 


the input of an_ electronic 


counter included a quartz crystal time bas 
and generated usable pulses at intervals of 
1, and 10 seconds The !49-second pulses 
were utilized internally to operate the ceux 
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Figure 9.—Block diagram of the oper« tion 


of the traffic impedance analyzer 
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ald stop gates so that the number of speed 
1iy-second period could be 
The 
connected to the control box and used to 
Therefore, at the 


electronic 


pulses for any 


accurately counted. l-second pulses 
were 
juitiate a recording period. 
beginning of each second the 
counter was reset and the count gate opened 


One-tenth 


to accumulate speed pulses. sec- 
ond later the count gate was closed and a 
print command recorded the speed of the 


vehicle and all other data which were avail- 
able at the recorder inputs. 

The electronic pulses from the distance- 
detecting photoelectric cell were connected to 
3 deeades of electronic counting in the control 
This 


distance accumulation was continually available 


box where they were accumulated. 
for recording. 
The traffie, 


weather, and other pertinent data could be 


geometric design, control, 


coded by 2 deeades of push buttons which 


Driver Tension Responses 


Continued from page 58 


Not only did the 
eliminate temporal differences, it 


observation program 


also elim- 
inated intensity differences within each traffie 
event. It 


Was assumed that all occurrences 


of an event represented the same. stimulus 


intensitv. In essence, this procedure elim- 
inates within stimulus class variabilitv. It is 
quite obvious that the affective intensity of 


an event may be quite variable, depending 
upon a variety of temporal and spatial factors 
environment 


in the as well as perceptual and 


It should be 
method 


emotional factors in the driver. 
that the 
this study oversimplified the nature of the 


obvious, therefore, used in 
traffic interferences and simply placed them 


into 1 of & qualitative categories, none of 
Which had any measure of intensity attached. 
Thus, precision of stimulus measurement was 
sacrificed to obtain reliability of observation. 
Within the limitations outlined, this study 


indicates that the two arterial routes studied 


would transfer as digits to the recorder at any 
printing cycle. 

One decade of time counting was provided in 
the control box as a printing sequence check 
The circuitry also provided for time counting 


to be extended to 4 decades as an alternative 
to fuel recording when it was more convenient, 
for field 


recorded during speed and delay studies 
digital 


observation, to have elapsed time 


fuel 
meter was mounted on the engine of the motor 


To record fuel consumption a 


vehicle between the fuel pump and carburetor 
The digital fuel meter used in this 
pulse for 


Instance 
each vl 
gallon of gasoline passing through it These 
decades of 
electronic counters in the control box so that 


produced an electrical 


pulses were accumulated in 3 
a total of fuel consumption was available for 
transfer to the recorder at each print command. 

The complete equipment was powered by a 


1,250-watt gasoline-driven generator weighing 


differ in the rate and magnitude of galvanic 


skin response aroused in driving. The results, 
that the 


promising means for using driver behavior to 


in general, indicate GSR may be a 
discriminate between different kinds of streets 


and the interferences on them There are, 
however, several statistical and methodological 
problems inherent in the use of the Gsr which 
conse- 


requires further research and which, 


quently, restrict its operational itilit, it 


the present time 
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anc conducting of future highway lighting 
res irch, even if only in negative fashion. 


PUBLIC ROADS e Vol. 31, No. 3 


It appears that criteria other than those 


used in this report must be studied to evaluate 


properly the effect of highway lighting o1 
traffic operations. 

Editor’s note: The detailed tables containing 
the schedule of field operations and the 
average speeds, placements, headways, and 


85 pounds which was earried on a standard 
This self-contained 


roof-mount luggage rack, 
unit illustrates the advantages of digital re- 
cording and the possibilities of adapting a 
few standard electronic instruments to the 
myriad data collecting problems encountered 
by the highway research engineer. 


Fully 


course, be 


automatic data reduction can, of 
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punch units to the digital recorders discussed 
herein. The punched tape then may be used 
as a computer input or its data may be auto- 
matically transferred to magnetic tape or 
The 


equipment to accomplish these processes are 
to extend 


punch ecards as individual cases require. 
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purposes of this article, it was believed that a 
simple introduction to digital recording would 
better serve the greater number of highway 


engineers. 
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Introduction to Highway Hydraulics: A Motion Picture 


The Bureau of Public Roads, U.S. 


nent 


] Jepart- 


of Commerce, in cooperation with the 


Colorado State University, recently produced 


the motion picture, Introduction to highway 
This film 


draulie principles related to open-channe] flow 


hydraulics. illustrates basie hy- 
design in highway engineering 

Flow illustrations of the hydraulic principles 
field 


Various scenes depict the principles 


are shown by laboratory models and 


scenes, 
of continuity of flow, energy, and momentum, 


Which are the basic laws governing any open- 
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channel flow problems. 


Use 


is made of 


field 


scenes to illustrate where the principles apply 


in highwav engineering. 


Introduction to highway hydraulics is a 16mm 


sound and color film with a running time of 21 


minutes. 


Prints may be borrowed for show- 


ing by any responsible organization by request 
addressed to Mr. Ray B. Dame, Head, Photo- 


graphic 


Washington 


Section, 
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=, 


Bur 
mC. 


eau of Public 
There is 


ho 


other than for express or postage fees. 


quest 


should 


be 


sent 
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advance of 


Re 


the 


Roads, 


charge 


desired showing, and alternate dates indie: 


if possible. Immediate return after « 


booking is necessary, so that all requests 
be fulfilled. 
Prints of film 


S86.47 per copy, the price including film, 1 


the may be purchased 


can, shipping container and postage wil 
the United States. Inquiries on purcha 


film prints should also be addressed to Mr. | 
B. Dame, Head, Photographic Section, 
of Public Roads, 


Payment should not be sent with the inqu 
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